Zinc deficiency induces oxidative DNA damage and increases p53 expression in human lung fibroblasts.
Poor zinc nutrition may be an important risk factor in oxidant release and the development of DNA damage and cancer. Approximately 10% of the United States population ingests <50% of the recommended daily allowance for zinc, a cofactor in proteins involved in antioxidant defenses, electron transport, DNA repair and p53 protein expression. This study examined the effects of zinc deficiency on oxidative stress, DNA damage and the expression of DNA repair enzymes in primary human lung fibroblasts by the use of DNA microarrays and functional assays. Cellular zinc was depleted by 1) growing cells in a zinc-deficient medium and 2) exposuring cells to an intracellular zinc chelator, N,N,N',N'-tetrakis-(2-pyridylmethyl)ethylenediamine. Array data revealed upregulation of genes involved in oxidative stress and DNA damage/repair and downregulation of other DNA repair genes. Zinc deficiency in cells caused an increase in oxidant production (dichlorofluoroscein fluorescence) and a significant induction of single-strand breaks (Comet assay) and p53 protein expression (Western blot analysis). Thus, zinc deficiency not only caused oxidative stress and DNA damage, but also compromised the cells' ability to repair this damage. Zinc adequacy appears to be necessary for maintaining DNA integrity and may be important in the prevention of DNA damage and cancer.